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(54) PROC^ FOR THE PRERARATION OF A 3-VINYLCEPHEM COMPOUND 

(57) A process for preparing 3*vinyhcephem compound of the formula the process comprising the step of 
treating protected 3^yl-cephem derivative of the tbrniu la (1 ) fn an organic solvent in the presence of perhalogenated 
add and an organic protonb add 




wherein each of R^, R? and is a hydrogen atom or arylmrthyl group opUonalV having a subsdtuent, provided that 
R^R? and R3 can not be a hydrogen atom at the same time. 
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Deserfptlon 
TECHNICAL FIELD 

[pool] The present invention relates to a process for preparing a cefdlnir compound which is widely used as an 
antQ)i0tic fof oral appllcalion. 

BACKGROUND ART 

[00Q2I The cefdtnir compound is mostty prepared m the form wherefn at tea^ one of amino, oxima hydroxyl and 
carboxyl groups is protected. In the process for preparing the compound, a reaction for rennoving the protection is 
carried out in the final step, giv&ig (6R, 7R>-3-vinyt4«xo-7p{(z)>2H[2-antino-44Mazoiyl>-24i^^ 
1-aza-6-thiabicydo[4,2.0]octane-2-caft)oxyOc add (cefdlnir). However, a decisive method has not k>een established for 
deprotection of cefdlnir compound having various functional groups in the molecuia For exainple. JP-B-1 -40273 <fie- 
closes a reaction fbr deprotectkm of a compound of the formula (1) wherein Rf=cRM^, RM>HPh2 in anisole/aoelic 
acM In the presence of etherate of boron trifluorfde. The disclosed method can not be industrnD/ utBized since it 
produces the contemplated compound in a tow yield of 35% and requires a large amount of a boron trffluoride compound 
which is hazardous. JP-A-62-294887 descn'bes a method for deprotection of cephem anta)iol3cs which Is esctmh^ 
conAjcted. more specifically, a deprotection method using trifluoroacetic acid in the presme of anisoie. The m^hod, 
however, requires a large amount of trifluoroac^ add which is difficult to industrially use for the reason that the add 
Is volatile, omteffsonie to handle and expensive Jn addition, the y^ 
ftam bidustrfatly proper. 

[00031 Methods are loiown for deprrteclkm of protected group of caitxixy^ 

These mtihods Indude a method using 9g% fomiic add as a sohrent [Chem. Pharm. Bull., X, 4545 (1982)], a method 
wherein carfooxyllc add ester is reacted with aluminum chloride In the presence of anisoie (Tetrahedron l^, 2793 
(1 979)], and a method using phenois [J. Org. Chern., 56, 3633 (1 991 )]. The m^hod using fomnic add needs expensive 
99% formic add as a solvent In an exoesshfely.tariieamount and gives a cartwxylic compound in aveiy low yield since 
P -lactam derivativa which is instable to an add decomposes in the procedure for recovery and reuse. The method 
using aluminum chloride In the presence of arrisole Is not appHnMe to the preparation of cefdlnir because of high 
addi^ of aluminum chloride. The rntthod using phenolB is unable to carry out a reaction to 
yield because cefdlnir is instable under highly addib conditions as is the case with use of Ibnmie add or trffluoroaoetic 
add in a large amount All of these reactions eventuaUy give cefdinlr wherdn the oxime group is made into hydroxyl 
group so that sin/antl isomerization proceeds in a large amount of protonic add and strong Lewb add, resulting in 
increase of frnproper ifnpurfties. Thus these deprotection m^ods can not be employed. 

[0004] it has been very difficult herebafore, as described above, to prepare the contemplated cefdinlr compound with 

a high seiecdvity in a high yield since the deprotection reaction Is conducted by usual add hydrolysis In a p-lactam 

compound. Thus, It Is desired to develop cm industrialiy inexpensive and ^fident deprotection method. 

pooq An object of the present invention is to provMe a novel technique capable of elfidentty preparing S-vinyl- 

cephem compound of the fdnnula (2) from a proteded 3^nyl-cephem derfvatl^ 

expensive reagent. 

DISCLOSURE OF THE IIWENTION 

(0006] The present invention provides a process for preparing 3^inyl-cephem compound of the fbmiula (2), the 
process comiMldng the step of treallng a protected 3-vlnyl^ephem derlvatf^ 
In the presence of perhalogenated add and an organic protonic add 



wherein each of R\ R^ and R^ is a hydrogen atom or arybnethyl group optionally having a substituent, provided that 
Ri , R2 and R^ can not be a hydrogen atom at the same tbne. 




co^ (1) 
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CO^ (2) 



POOTI In the present invention, hydrogen bonding of an organic protonic add is conducted in an organic solvent, 
the add being weak against an amhto group and amino group in the skeleton of the raiw material, and only a required 
amount of strong perhak)genated acW is used fn Older to effidently bring about a reaction for deprolectton of ceMnlr 
compound whfeh is instable to an acU. Thereby it becomes possible to prepare a highly stable cMln&r ooir^ound with 
high effideney. The ceMnir cornpound can stid)ly eidst in the 

required minimum amount of strong pertialogenated add which can contribute to the reaction. Th^ process has another 

feature. Since the readton need use a large arnoum of ackl, the desirsd cornpound can be isolated 

product by nierely extracting ttiecornpoundcfissohfed in the ori^b solvent us^ amount of a base corns- 

sponcS ng to the arnount of the add used . Th us a process capab la of preparing the Gomer^^ 

easily and inexpenslvety has been successfi^ e^ablished according to the inventkm. 

I0OO8I Examples d the arylmethyl group opttonaily having a substituemwhk:hg^ 

F|3, respecth^ are benzyl, diphenylmethyl, tri^ anisylmethyi and naphthylmethyt whk:h may have a substHuent. 
Examples of die substituent are hydroxy, mdhyl. ethyl, tert-butyl and Bke tower allcyt groups having 1 to 4 carbon atoms, 
and methoxy, ethoxy and like kywer alkoxy groups having 1 to 4 carbon atoms. The dphenylmethyl includes the groups 
of the type wherein asubstituted or unsubstftuted phenyl group Is bonded in the mdecuievia methylene chain or h^ero 
atom Spedfic examples of diphenyknethyl groups are benzyl, p-m^hoxybenzyi. cfiphenyimethyl. trityl. 3.4.&trtmM- 
oxybenzyl. 3,5-dimemoKy^hydn>xybenzyl, 2 A6-trtnethyi>enzyl and dttolytm^hyl. 
[P009] Examples of organte protonic adds whtoh can be used in the imrentionindudep^ 
d 3 to 5 such as fdmik: add, ecelte add, cMofoeeelte add, pR>pkmic add. 2-^ 

or unsubstituted kiwer allqffcarboxylb add, benzoks add, tduk: add and like substaiited or unsubstltuted aromatic 
cartx>xyllc adds whteh can be wkidy used 

[0010] The amount of the organic protonic add used 1 to 20 mole equivalents, preferably 2^ to 1 0 mde equivalenis 
and more prelerably 3 to 5 mole equhfalents. per mde equivalent of the compound of the fonnula (1 ). 
[0011] Examples of the perhaiogenated add are perchtoric add. periodic add and perbrome add. The amount of 
the perhatogenated add used is equal to a catalytto amount, and is preferably 0.1 to 5 mole equivalents per mole 
equh«lent of ttte compound of the formula (1). 

IID012I Astotheconcentratkxiofthepert)dogenaiedadd,60%perhak)genatedaddwhk:^ 
can be used as It is. Periiatogenated add Is usable when diuted to 10 to 50% with the reactton system. 
(0013] Examples of the organic solvent which can be used in the Invention are methyl fomnate. ethyl formate, propyl 
fonnate. butyl f onnale. methyl achate, ethyl acetate, prof^ acetate, butyl acetate, methyl propionate, ethyl proptonate 
and like tower alkyi esters of tower carboxyBc adds, ac^one. methyl ethyl ketone, methyl propyl ketone, methyl butyl 
ketone, methyl isobutyl ketone, di^hyl ketone and fike ketones, acetonitrile. proptonitrile. bu^r^to, isobu^ronitriie, 
valeronitrite and like nitrites, benzene, toluene, xylene, chlorobenzene, anisole and like substituted or unsubstituted 
aromatto hydrocarbons, dtohtoromethane, dilorofomi, dichloroethane, trichtoroethane, dONDmoelhane, propylen- 
ecfichtortde, carbon tetrachtorfde and like hydrocarbon halkles, pentane. h^cane. heptane, octane and allphatk: hydro- 
carbons, cyctopentane, cydohexane, q^ctoheptane, cydoodane and like cydoalkanes. Prefened solvents are ben- 
zene, toluene, xylene, dtohtorom^hane. chlorofonn and dichtorodhane. These organic solvents can be used either 
alone or in comt>inatlon. These solvents may contain water when so requirsd. The solvents may be used In an amount 
d about 2 to about 200 liters, preferably about 3 to about 1 00 liters, per kitogram of the compound of the f omnuta (1 ). 
The reaction may be conducted at a tempeniture of -20 to lOO^C, preferably 0 to 50<*C. 

[00141 The compound d the fonnula (2) can be obtdned as a substantially pure produd by usual extraction or 
crystalllzatlon m&i compldton d reaction, and d course, can be purified by other methods. 

BEST MODE OF CARRYING OUT THE INVBiHON 

[0015] The present invention wOl be described In more ddait with reference to the following examples to whtoh the 
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15 



SO 



25 



35 



(nventkm* however, is not limfted 
Examptel 

[D01 6] Dissotvetf in 1 0 ml of methylene chtorfde was 1 g of a compound (1 a), namely the compound of the fomiula 
(1 ) wherein Is a hydrogen atom, R2 is a trityl group and Is a hydrogen atom. To tho solution were, added 0.1 8 ml 
(3 equivalents) of 98% (w^) formic add, and 0.1 6 ml (1 .6 equhralents) of 60% (wAv) of perchloric acid. Then the mbmire 
was reacted at 30"C for 1 hour. To the reaction mixture was added 7 ml of a saturated aqueous solution of sodium 
bicartwnatB to extract the desired product 2N hydrochloric add was added to the obtained aqueous layer to adjust a 
pH to ao. The mixture was cooled to 0 to 3*C. One hour later, the prec(pitated crystals were subjected to suction 
filtration and dried under reduced pressure, giving 059 g (yield 95%) of the contemplated oefdinir compound of the 
fonmula (2). 

1H NMR(DMSO-<W3.32(s. 1H),353(d. J=:18Hz. 1H),3.ai(d. J=18H2. 1H).5.16<d, J=4.BH2, 1H).5.29(d, J=»11.7H2, 
1H). 6^d. J-17.1H2, 1H), 5.76(dd, J=4.B, aiHz, 1H). 6.64(s, 1H). 6.a9{dd. J=11.7. 17.1Hz, 1H), 7.11{s. 2H). 9.47 
(d.J«8.1Hz.1H).11^(8,1H). 

Example2 

(00171 A reaction was carried out in the same manner as In Example 1 using 2 dlmetfvylacetamfde^oordlnation 
crystals of p-tohiene sulfonate of compound (la), whereby a oefdinir compound of the formula (2) was produced h a 
yieidof 98%. The 1H NMRdatadthe obtained oefdinir compound were identk»l with those of tte 
In Bcamplal. 

ExamplesStoa 

[0018] Tlie same reaction as In Example 1 was conducted with the exception of using different solvents and adjusting 
the reaction time aooordlng to the solvent used. The results of the reaction are shown In JMo 1 . 

Tabtel 



ExEtfnple 


organic sohrent 


reaction t&ne(hf) 


yield (%} 


3 


chloroform 


1 


95 


4 


benzene 


1 


94 


5 


toluene 


1 


94 


6 


xylene 


1 


92 


7 


ethyl acetate 


4 


90 


8 


butyl acetate 


4 


89 



^ Examples 9 to 12 

[0O19] The same reaction as in Example 1 was conducted with the exception of using perchloric add In dWerent 
concentrations and acgustlng the reaction time. The results of the reaction are shown in Tkble 2. 

Table 2 



50 



Example 


concentration of perchloric add (%) 


reaction time (hi) 


yield (%) 


9 


45 


1 


96 


10 


30 


1 


95 


11 


20 


is 


92 


12 


10 


6 


87 



55 



Examples 13 to 16 

IP020] The same reaction as In Example 1 was conducted with the exception of using adds shown in 1able 3 Instead 
of protonic add. The results are shown in lable 3. 
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Tables 



Example 


pnytonicactd 


yi^d (%1 


13 




95 


14 


propionic ackJ 


83 


15 


a-ettiylhexanoic add 


86 


16 


benzoic add 


89 



Example 17 

ffXSttl The same ruction as in Example 1 waa conducted wftti the exception of using a compound of the fomiula 
(1 b) wherein Ri is a trttyt group, is a trttyl group and R3 Is a hy^^ 

oefdinircompoundofmerbrmula^«mpro(^icedinayleldor91^ 1H NMR data of the obtained oefdinir 
compound were identical with those of the compound prochiced in Example 1 . 

Example 18 

IP022] The same reaction as in Exarnplel was conducted with the excepdon of using a compound of the 
(Ic) wherein is a hydrogen atom.R^lsatrftylgroupandRPlsap-fnethoxybenzylgnMip In place of the compound 
(1 a) , whereby a cditfinir compound of the tonnula ^) was produced in a yield of am 
oefdinir compound were identical with those of the compound produced In Example 1. 

Example 19 

[0023] The same reaction as in Example 1 was conducted with the exception of using a compound of the formula 
(Id) wherein is a hydrogen atom, R^ is a tiftyl group end RP is a diphenylmetfiyl groi9> In place of the compound 
(la), wherebyacefdlnb^ compound of the fbnnuia (2) was produced Inayield of 94%. TheltiNM 
cefdinir compourid were identical with those of the compound produced In Bcani^ 

Example 20 

[0024] The same reaction as in Example 1 was conducted with the exception of using a compound of the formula 
(1 e) wherein R^ is a trltyl group, R^ is a trityl group and Rf^ Is a p-methoxyt>enzyl ^oup In place of the compound (1 a), 
whereby a cefdinir compound of the fomuila (2) was pfoduoed in a yield of 89%. The 1H NMR data of the obtained 
c^din&r compound were identical wBh those of the compound produced in Example 1. 

ExBmple21 

[00251 same reaction as in Exannple 1 was conducted with the exception of using a compound of the formula 
(If) wherein R'* is a tiityl group, R^ Is a trftyl group and R^ Is a dphenylmethyl gn>^> in place of the conrtpound (la), 
whereby a cefdinir compound of the fomuita was produced in a yield of 91%. The 1 H NMR data of the obtained 
cefdinir compound were identical wfth those of the compound produced in Example 1. 

INDUSTRIAL APPUCABILrrY 

[0026] Aocorcfing to the present invention, a cefcfinir compound which is Instable to an add can be prepared with a 
high purity in a high yield ivy carrying out in an organic solvent a sophisticated combination of hydrogen bonding with 
a weak add and deprotection with a strong add, using a combination of an organic protonic add in an amount raqubad 
for hydrogen bonding and a small amount of perhalogenated add. The present Invention can provide a process for 
preparing a cefdinir compound with industrially extrenne ease wherein post-treatment can be dmply perfonned due to 
a minimum amount of an add used. 



Claims 

1. A pnscess for preparing 3^yl-cephemoonnpound of the fomnila (2), the proc 
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protected 3-vinyl^ephem derivative of the foimula (1) in an organic solvem In the presence of perhal^nated 
add and an organic protonic actd 




wherein each of R^ and is a hydrogen atom or arylmethyt group opttonaOy having a substituent, provided 
that R^ and can not t)e a hydrogen atorn at the same time. 




W (2) 



2. The process according to dafm 1, wherefri the reaction uses an organic protonic add in an amount required for 
hydrogen bonding of protected S-yinyKcephem derivalive of the fonnula (1 ) and a small amount of perhalogenated 
add. 

3. The process aocordfrig to ctehfi 2, whereto the amount of the organic protonte 

per mole equivalent of the compound of the formula (1 ), and the amount of the pertialogenated add used is 0.1 
to 5 mole equlvaSents per mde equivalent of the compound ^ the formula <1 ). 

4. The process according to dalm 1 . wherein the organic protonic add is that having piCa of 3 to 5. 

5. The process aocorcfing to dalm 4, wherein the organic protonic add is fbimic add, acetic add. chloroaoetic add. 
propionic add. 2-^hylhtt(anob add. iMnzolc add or toldc add. 

6. The process aocording to dalm 1 . wherein the perhalogenated add is perchloric add, periodic add or pertiromic 
add. 

7. The process according to dalm 1 . wherein the aryknethyi group optionally having a suk»stituent is benzyl . dlphe- 
riylmethyl. trityl, anl^methyl or naphthytmetfvyl. 

8. Tlieproces8accordlngtodalm7, wherotothesubstlluentishydroixy. alowerailcylg^^ to 4 carbon 
atoms or a lower alicoxy group having 1 to 4 carbon aton». 

9. The process according to dalm 7, wherein the arytmethyl group optionally having a substituent is benzyl, p-mettw 
oxytfenzyl. diphenytmethyl, trityl. 3.4.&4rlmethoxybenzyi, a.5-€fimetho3^^44iydioxybenzyl. 2,4.6-trlmemylbenzyi. 
ditolyimethyl, anisylmethyl or naphthylmethyl. 
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